Introduction
Silexan 1 is a patented active substance with an essential oil produced from Lavandula angustifolia flowers by steam distillation. Silexan is formulated in a soft gelatin capsule containing 80 mg of lavender oil, and it has been authorized in Germany as a medicinal product for the treatment of states of restlessness related to anxious mood. In a double-blind, placebo-controlled, randomized, clinical trial, Silexan showed superiority over placebo in 221 adults suffering from subsyndromal anxiety disorder . Similarly, 80 mg of Silexan administered for 6 weeks was shown to be as effective as 0.5 mg of lorazepam in 77 patients suffering from generalized anxiety disorder (Woelk and Schlafke, 2010) . Additionally, a better tolerability of Silexan compared to paroxetine has been confirmed in a trial including 539 generalized anxiety disorder patients . Moreover, the effectiveness of Silexan has been demonstrated in patients with neurasthenia, posttraumatic stress disorder, and somatization disorder regarding the efficiency of sleep and mood improvement (Uehleke et al., 2012) .
The mechanisms underlying the anxiolytic effects of the herbal drug remain unknown. However, some authors have suggested a mechanism of action through mediation of gammaaminobutyric acid (GABA) (Aoshima and Hamamoto, 1999; Cavanagh and Wilkinson, 2002) . Schuwald et al. (2013) demonstrated that Silexan inhibited voltage-dependent calcium channels (VOCCs) in synaptosomes, primary hippocampal neurons, and stably overexpressing cell lines, but did not interact with the a2d subunit of VOCCs. Silexan nonselectively reduced the calcium influx through several different types of VOCCs, such as the N type, P/Q type, and T type. In rats, an inhibitory effect of linalool on glutamate binding in the cerebral cortex has been reported, suggesting that this neurochemical effect might be underlying the mode of action of lavender oil (Elisabetsky et al., 1995) .
Within the context of these findings, the investigation of essential oils as anxiolytic agents is well justified, especially when considering the wider acceptance of herbal drugs in the general population. Additionally, recent data showed prevalence rates of 14% for anxiety disorders in Europe, which thus represent the most frequent among mental illnesses (Wittchen et al., 2011) . Besides the commonly used benzodiazepines, antidepressant compounds are the first-line treatment of anxiety disorders, acting via blocking of serotonin reuptake and including selective serotonin reuptake inhibitors (SSRIs) and serotonin-noradrenaline reuptake inhibitors (Bandelow et al., 2008) . This, in turn, is indicative of the fact that alterations within the serotonergic neurotransmitter system represent a neural correlate of anxiety and might even reflect anxiolytic effects in the human brain. In fact, the inhibitory serotonin-1A receptor (5-HT 1A ), one major modulator of serotonergic neurotransmission, has been shown using in vivo neuroimaging techniques to be substantially involved in the neurobiology of anxiety, with lower levels in affected patients compared with healthy subjects (Neumeister et al., 2004; Lanzenberger et al., 2007; Nash et al., 2008; Akimova et al., 2009) . In regard to brain structure, using voxel-based morphometry (VBM) in healthy subjects, an inverse correlation was detected between anxiety measures assessed with psychometric scales and cortical volume in regions of the limbic system and the prefrontal cortex (Spampinato et al., 2009) , suggesting that anxiety might also be mirrored in morphological alterations of the brain. Moreover, SSRIs and sex hormones (Witte et al., 2010) have been shown to alter gray matter volumes.
The aim of the present study was to investigate the neurobiological correlates of the anxiolytic effects of Silexan. Based on the findings described above, we hypothesized that the administration of Silexan might have a significant impact on both 5-HT 1A receptor binding and gray matter volume, assessed using positron emission tomography (PET) and structural magnetic resonance imaging (MRI), respectively. Regarding the 5-HT 1A receptor binding, we expected a reduction after prolonged administration of Silexan compared with placebo analogical to the mode of action described for escitalopram (Spindelegger et al., 2009 ).
Materials and Methods

Subjects
A total of 25 healthy subjects were included in this monocentric, double-blind, randomized, placebo-controlled, cross-over trial at the Medical University of Vienna, Department of Psychiatry and Psychotherapy, after giving written informed consent at the screening visit. For a detailed scheme of the study design, see Figure 1 . Subjects were between 20 and 34 years of age (mean age ± standard deviation = 25.6 ± 3.7). Subjects were deemed mentally healthy by an experienced psychiatrist using the Structured Clinical Interview for DSM-IV Axis I Disorders. Any psychiatric disorder, including drug abuse, neurological illness, severe allergies or history of such, was considered an exclusion criterion. Therefore, to detect relevant abnormalities in regard to physical health, each participant underwent a medical examination, including general physical and neurological status, routine laboratory measurements, urine test strips as well as an electrocardiogram. All subjects were naïve to psychopharmacological drugs and had never undergone psychotherapy. Additionally, subjects with a regular daily consumption of more than the equivalent quantity of approximately 20 g of alcohol or more than 10 cigarettes were excluded of the trial. The study was approved by the Ethics Committee of the Medical University of Vienna and the General Hospital of Vienna.
Administration of the Test Drug Silexan
The test drug was available in soft gelatin capsules containing 80 mg of essential oil. The placebo capsules were identical in color, size and shape. The test drug and the packaging including coding of the containers following randomization procedure were provided by Dr. Willmar Schwabe, GmbH & Co. KG, to guarantee that both subjects and clinical investigators were blind to the treatment.
The study was conducted following a cross-over design with randomized treatment allocation separated by a wash-out phase. Subjects were advised to take 1 x 2 capsules of the investigational product [80 mg Silexan or placebo] per day in the morning, preferably after breakfast, which corresponds to a daily dosage of 160 mg. The minimum duration of medication intake was set at 8 weeks (56 days) for both treatment periods, either Silexan -placebo or placebo -Silexan (see Figure 1) . Therefore, each subject received twice during the study 140 capsules (medication for 56 days plus for the reserve of 14 days) packed in blister cards. All unused drugs and containers had to be returned for drug accountability, and subjects were encouraged to keep a "drug intake diary" for monitoring purposes. The medication intake started the day following drug dispensation, specifically baseline 1 and baseline 2, and was discontinued as soon as both measurements, PET1/MRI1 and PET2/MRI2, were successfully completed. PET and MRI measurements were, when possible, performed on the same day. If the schedule did not allow the performance of both measurements on the same day, then a minimum drug intake of 56 and maximum of 70 days was maintained. Therefore, both measurements took place within a period of 14 days. Additionally, at least 14 days of wash-out between both treatment periods were respected (see Figure 1 ).
PET and Radiochemistry
Each subject underwent 2 PET scans (PET1 and PET2), which were performed at the Department of Biomedical Imaging and Image-guided Therapy, Division of Nuclear Medicine, Medical University of Vienna, Austria, using a GE Advance PET scanner (General Electric Medical Systems, Milwaukee, Wisconsin) at the end of the respective treatment period, as previously described (Lanzenberger et al., 2007) . Briefly, to ensure the covering of the cerebellum in the field of view, the subjects' heads were placed in the scanner parallel to the orbitomeatal line by means of a laser beam system. A polyurethane molded cushion and straps around the forehead of the subjects were used to steady the head to minimize movements. Additionally, subjects were instructed not to speak or move during the measurements. For correction of tissue attenuation, a 5-minute transmission scan was carried out in 2-dimensional mode by retractable 68 Ge rod sources. Subsequently, dynamic PET scans were acquired in 3-dimensional mode, and the measurements started simultaneously with bolus injection of [carbonyl-11 C]WAY-100635 diluted in phosphate-buffered saline in a cubital vein. The radioligand was prepared at the Cyclotron Unit of the PET Center according to previously published methods . The average administered dose of the tracer was 254.9 ± 49.00 MBq with a specific activity of 27.8 ± 27.5 at PET1 and 238.9 ± 36.0 MBq with a specific activity of 58.1 ± 66.6 at PET2. Total acquisition time was 90 minutes. The emission data were scatter and attenuation corrected, and the final images comprised a spatial resolution of 4.36 mm full-width at half-maximum 1 cm next to the center of the field of view (matrix 128 x 128, 35 slices). Because of motion artifacts during the measurement, one subject was excluded from the analysis of the PET data.
PET Data Preprocessing and 5-HT1A Receptor Quantification
MRI
At the end of both treatment periods, structural magnetic resonance (MRI1 and MRI2) scans were acquired from each subject using a 3-Tesla Archieva MR-scanner (Philips Medical Systems) at the Diagnosezentrum Urania, Vienna, Austria. Each scan session included a high-resolution T1-weighted image sequence (TR = 11 ms, TE = 4.6 ms, voxel size = 0.47 x 0.47 mm, sagittal slice thickness = 0.88 mm).
VBM
The obtained images were segmented into gray matter, white matter and cerebrospinal fluid compartments using the VBM8 toolbox for SPM8 (statistical parametric mapping, Wellcome Trust Centre for Neuroimaging, Institute of Neurology, University College London, London, United Kingdom, http://www.fil.ion. ucl.ac.uk/spm/software/spm8), applying the Diffeomorphic Anatomical Registration using Exponentiated Lie algebra algorithm (Ashburner, 2007) . Hence, gray matter maps were spatially normalized to a gray matter template representing the stereotaxic standardized Montreal Neurological Institute space at a voxel size of 1.5 x 1.5 x 1.5 mm by this procedure (Kraus et al., 2013) . To adjust for effects of nonlinear spatial normalization, maps were converted to gray matter volume by multiplication with the Jacobian determinants obtained by the spatial normalization algorithm (Ashburner and Friston, 2009 ). The images were smoothed with a Gaussian filter of 8 x 8 x 8 mm full-width at half-maximum.
PET Data Preprocessing and 5-HT 1A Receptor Quantification
PET scans were motion-corrected and spatially normalized to a 5-HT 1A receptor distribution template in Montreal Neurological Institute space using SPM8. Spatial normalization of the PET data was carried out using the respective T1-weighted MR images acquired from each subject (Meyer et al., 1999) . First PET scans were summed across time and co-registered to the corresponding gray matter segment (PET1 to MRI1 and PET2 to MRI2). The transformation matrix obtained from spatial normalization of the MR images (see VBM section) was then applied to the (summed and dynamic) co-registered PET images (Kranz et al., 2012) . To prevent unnecessary interpolation, reslicing of dynamic PET images was done only once after application of the nonlinear transformation matrix (while linear transformations were stored in the NIfTI-header). Whole-brain 5-HT 1A binding potential maps (BP ND ; Innis et al., 2007) were computed in PMOD 3.3 (PMOD Technologies, Ltd., Zurich, Switzerland) as previously described Baldinger et al., 2013) with the noninvasive Logan plot (Logan et al., 1996) . The Logan plot displays 2 main advantages: specifically, that it makes no assumption about compartmental configuration and that it shows robustness in presence of noise (Logan et al., 1996) , which makes it particularly useful for voxel-wise analyses. Here, the clearance rate of the radiotracer from the reference region to plasma (k 2 ') was calculated from the insula (receptor-rich region) and cerebellar gray matter (receptor-poor region) (Ichise et al., 2003; Varnas et al., 2004) using the simplified reference tissue model 2 (Wu and Carson, 2002) . These regions of interest were taken from an automated anatomical labeling-based atlas (Tzourio-Mazoyer et al., 2002; Savli et al., 2012) , whereas the cerebellar gray matter (excluding vermis and sagittal sinus) served as reference region because of negligible specific receptor binding in this area as previously described (Hall et al., 1997; Hahn et al., 2010) . The BP ND maps were smoothed with a Gaussian filter of 8 x 8 x 8 mm FWHM.
Statistical Analysis
To compare 5-HT 1A receptor binding potential and gray matter volume after Silexan intake versus placebo, a repeated-measures analysis of variance (ANOVA) was computed in SPM8 including 17 (5-HT 1A BP ND ) and 19 subjects (gray matter volume), respectively. To exclude a potential influence of the sequence (Silexan − placebo versus placebo − Silexan), this factor was included as factor of no interest in the statistical analysis. Statistical tests were evaluated at a significance level of α = 0.05 corrected for multiple comparisons with the family-wise error rate (FWE) at cluster level following α = 0.005 uncorrected voxel level (Friston, 2007) . In other words, a cluster represents an ensemble of voxels, which are significant and connected in 3-dimensional space. These clusters were then tested for significance of their spatial extent. Regions of no interest (eg, skull, cerebral blood vessels) were excluded from the statistical analysis.
Results
A total of 25 subjects was included in the study and randomized for the sequence of investigational products. Because of scheduling interferences and technical problems with the PET scanner, 6 healthy subjects dropped out (absence of available scan time within the predetermined time frame). Overall, 19 subjects terminated study participation regularly. Two of these subjects were excluded from the analysis of PET data due to deficient radioligand synthesis (low specific activity of [carbonyl-11 C]WAY-100635). Specification of protocol violations and definition of analysis sets were fixed before breaking the blind. The durations of the treatment periods 1 and 2 were 65.6 ± 6.5 (minimum 57 and maximum 80 days) and 65.4 ± 4.3 days (minimum 58 and maximum 72 days), respectively (n = 17 subjects with valid PET data). The wash-out period corresponded to a duration of 16.6 ± 7.8 days (minimum 14 and maximum 47 days).
Regarding the PET data, repeated-measures ANOVA revealed a significant difference of 5-HT 1A receptor binding potential following 8 weeks of treatment with Silexan as compared with placebo intake (n = 17) (Figures 2 and 3a ). Significant differences were detected in 2 clusters displaying a reduced 5-HT 1A BP ND after Silexan intake compared with placebo ( Figure 3a) : one cluster encompassed the left inferior temporal gyrus, left fusiform gyrus, left lingual gyrus, left calcarine gyrus, left precuneus, and left hippocampus (peak t value = 6.64, k = 5334, P < .05, FWE corrected at cluster-level) (Figure 3b) , and the second cluster included the right insula, right inferior orbitofrontal gyrus, right anterior cingulate cortex, right medial superior frontal gyrus, right putamen, and right caudate (peak t value = 6.08, k = 4812, P < .05, FWE corrected at cluster-level) (Figure 3b) . Results are summarized in Table 1 . There was no region showing higher 5-HT 1A BP ND after intake of Silexan compared with placebo (Figure 3a) . Repeated-measures ANOVA based on MRI data (n = 19) revealed inconsistent and very limited findings regarding the effect of medication intake, Silexan versus placebo (Table 2) . Whereas gray matter volume was found to be reduced in the fusiform gyrus, gray matter volume was heightened in the precentral and middle frontal gyri as well as the precuneus and superior temporal pole after ingestion of Silexan compared with placebo (all P < .005 uncorrected on voxel-level, none withstanding FWE-correction) ( Table 2 ).
Discussion
Evidence from preclinical and clinical research clearly demonstrates a major role of the serotonergic neurotransmitter system, particularly the 5-HT 1A receptor, in the neurobiology of anxiety (Akimova et al., 2009) . 5-HT 1A receptor knockout mice were shown to be more fearful in several behavioral tests compared with wild-type mice (Heisler et al., 1998; Parks et al., 1998) . More specifically, Gross et al. (2002) suggested that the posts ynaptic 5-HT 1A receptor, located on GABAergic and glutamatergic neurons in the forebrain, rather than autoinhibitory 5-HT 1A receptors in the raphe nuclei, were able to restore normal levels of anxiety as observed in wild-type mice. This indicates that 5-HT 1A hetero-receptors are essential to a "healthy" expression of anxiety in rodents.
The anxiolytic effect of lavender (Lavandula angustifolia) essential oil, which has been in use in folk medicine for the treatment of anxiety since ancient times, was brought in relation with the 5-HT 1A receptor in a recently published study performed in mice (Chioca et al., 2013) . Chioca et al. demonstrated that the administration of lavender essential oil via inhalation leads to reduced anxiety-related behavior as determined using the marble-burying test, which is similar to systemic admi nistration of 8-OH-DPAT, a 5-HT 1A receptor agonist. Moreover, WAY100635, a 5-HT 1A receptor antagonist, was able to reverse the anxiolytic-like effect of both lavender essential oil and 8-OH-DPAT in this behavioral model of anxiety (Chioca et al., 2013) . Interestingly, lavender oil did not alter [ 3 H]flunitrazepam binding to the benzodiazepine site on the GABA A receptor. These findings provide strong evidence that the anxiolytic effect of la vender essential oil in rodents is mediated via the serotonergic neurotransmitter system, particularly the 5-HT 1A receptor, and not through a GABAergic mechanism. This is in accordance with results discussed in our PET study showing variations in 5-HT 1A receptor binding after intake of Silexan, which contains lavender oil, in healthy men.
5-HT 1A receptors were suggested to modulate the SSRIinduced increase of synaptic serotonin levels, as the latter were found to be heightened after administration of fluoxetine in 5-HT 1A receptor knockout mice (Parsons et al., 2001) . Similarly, in humans, 5-HT 1A receptor antagonists, for example, pindolol, have been shown to accelerate the therapeutic efficacy of SSRIs in depression by counteracting the 5-HT 1A auto-receptor-induced reduction of cell firing that can be observed early in treatment (Artigas et al., 1994) . In vivo neuroimaging findings investigating the role of the 5-HT 1A receptor in anxiety support the assumption of reduced 5-HT 1A receptor densities in anxiety disorders. In 19 healthy subjects, an inverse relationship of 5-HT 1A receptor binding and anxiety traits was reported in 4 cortical brain areas (Tauscher et al., 2001) , which is in line with earlier findings described in knockout mice. Neumeister et al. (2004) found lower 5-HT 1A receptor binding distributions in the anterior cingulate cortex, the posterior cingulate cortex and the raphe nuclei in patients with panic disorder with or without comorbid depression compared with healthy control subjects. In accordance with this, our group previously reported decreased 5-HT 1A receptor binding potentials in the amygdala, insula, and anterior cingulate cortex in 12 patients suffering from social anxiety disorder as compared with healthy subjects using PET and the radio tracer [carbonyl-11 C]WAY-100635. Additionally, cortisol plasma levels were shown to negatively correlate with 5-HT 1A receptor binding in the amygdala, hippocampus, and retrosplenial cortex in social phobia . These findings clearly indicate that low 5-HT 1A receptor binding might mirror a surrogate of anxiety in the human brain, although this property might not be anxiety specific. Reduced 5-HT 1A receptor binding might play a role in both affective and anxiety disorders, which is supported by the high comorbidity rates between these disorders and the fact that SSRIs are effective in both (Savitz et al., 2009) . Nonetheless, considering the lack of evidence regarding an effect of lavender oil in major depression, the variations of 5-HT 1A receptor binding shown in this study were attributed to a potential anxiolytic mechanism of action of Silexan.
The main finding of this investigation is the detection of a widespread reduction of the 5-HT 1A receptor binding potential following prolonged administration of the herbal drug Silexan compared with placebo in 17 healthy men. This is in concert with our initial assumption that the anxiolytic effect of lavender oil might be reflected in variations of the 5-HT 1A receptor, a major player in the neurobiology of anxiety. In fact, prolonged intake of Silexan is accompanied by a reduction in 5-HT 1A receptors in the hippocampus and the anterior cingulate cortex, which is similar to the effects of escitalopram (Spindelegger et al., 2009) . Interestingly, in anxiety disorders, response to SSRIs was not shown to be associated with elevated 5-HT 1A receptor levels as one might intuitively assume. In fact, 5-HT 1A receptor binding potential was shown to be reduced after 12 weeks of escitalopram intake in patients suffering from anxiety disorders compared with baseline in the subgenual cortex, hippocampus and posterior cingulate cortex (Spindelegger et al., 2009) . This is in accordance with investigations in depressed patients similarly exhibiting reduced 5-HT 1A receptor densities compared with healthy subjects (Drevets et al., 1999) . Just as shown for SSRIs in anxiety disorders (Spindelegger et al., 2009 ), electroconvulsive therapy was accompanied by a downregulation of 5-HT 1A receptor binding in depressed patients . Additionally, Gray et al. (2013) determined a decrease of 5-HT 1A receptor binding in depressed patients following shortterm treatment with SSRIs. This might be explained by the fact that blockage of the serotonin transporter by SSRIs in the raphe region leads to an increase of extracellular serotonin levels, as has been shown in rodents. This in turn causes a desensitization of somatodendritic 5-HT 1A auto-receptors (Le Poul et al., 1995) , which results in a disinhibition of serotonergic cell firing (Bundgaard et al., 2006) . In the periphery, enhancement of serotonin levels by chronic SSRI administration is made responsible for a desensitization of 5-HT 1A heteroreceptors in the hypothalamus, amygdala and orbitofrontal cortex (Li et al., 1996 (Li et al., 1997 Bosker et al., 2001; El Mansari and Blier, 2005) . However, this mechanism of action is not directly applicable to Silexan, since In both regions, a significant reduction of 5-HT 1A receptor binding potential after the intake of Silexan as compared with placebo can be observed (P < .05 FWE-corrected cluster level). Ant cing cortex, anterior cingulate cortex; Inf temp cortex, inferior temporal cortex.
this substance did not reveal any affinity to SERT (Schuwald et al., 2013) . Essential oils, including lavender oil, seem to have no specific target because of their great number of constituents; due to their lipophilicity, they penetrate the cell wall and cytoplasmic membrane, thereby disrupting the structure of the different layers of fatty acids, polysaccharides, and phospholipids that in turn might affect the activity of ion channels and protein-coupled receptors (Bakkali et al., 2008) . This might be the first step in a complex chain of molecular effects, ultimately altering the density of 5-HT 1A receptors (Chioca et al., 2013) .
The regions displaying the most prominent variations in 5-HT 1A receptor binding in this study, such as the hippocampus and anterior cingulate cortex, represent areas of the limbic system known to be involved in emotion regulation, including the expression of fear, and were repeatedly shown to exhibit altered 5-HT 1A receptor binding (Liotti et al., 2000; Tauscher et al., 2001; Neumeister et al., 2004) . Our findings are evident in 2 prominent clusters encompassing the temporal gyrus, fusiform gyrus, and hippocampus on one hand and the insula and anterior cingulate on the other hand. This is in line with earlier functional MRI studies reporting changes of brain activity in similar brain areas (Liotti et al., 2000) . The fact that we did not detect any brain region exhibiting elevated 5-HT 1A receptor binding after prolonged intake of Silexan underlines the conclusiveness of our findings. Interestingly, we were not able to show variations of 5-HT 1A receptor binding in the midbrain, as described by other authors after the intake of SSRIs in major depression and panic disorder (Sargent et al., 2000; Neumeister et al., 2004) . However, our finding is in line with results revealed by the study performed by Spindelegger et al. (2009) . Many studies investigating morphometric brain changes in various manifestations of anxiety disorders have been conducted (Radua et al., 2010) . Alterations have been detected, among other regions, in the amygdala, hippocampus and parahippocampal area, and anterior cingulate cortex (Massana et al., 2003; Yamasue et al., 2003; Hayano et al., 2009 ). In healthy subjects, an inverse correlation between anxiety measures and cortical volumes of limbic brain areas and the prefrontal cortex has been described (Spampinato et al., 2009) . Studies investigating the effects of anxiolytics on brain morphology, however, remain scarce. Kraus et al. (2013) postulated significant gray matter increases in the posterior cingulate cortex and ventral cuneus after 10 days of SSRI intake. Within this context, it seems remarkable that we were not able to show consistent alterations of gray matter after prolonged intake of Silexan. Additionally, using multimodal imaging combining PET and structural MRI, regional gray matter volume was shown to be positively associated with 5-HT 1A heteroreceptor binding in the temporal cortex and hippocampus on both hemispheres (Kraus et al., 2012) . Furthermore, autoreceptor binding in the midbrain raphe was positively associated with gray matter volume of forebrain projection sites (Kraus et al., 2012) . These findings clearly suggest that one would expect altered gray matter volume following the intake of Silexan, as we detected significant effects of lavender oil on 5-HT 1A receptor binding potential in several brain regions. This inconsistency might be the result of a too-low sample size in regard to structural MRI studies to detect effects of Silexan on brain morphology (Radua et al., 2010) .
A limitation of our study is that no psychological assessments were performed to evaluate measures of anxiety of the participants in order to determine a potential correlation between 5-HT 1A receptor binding and Silexan-induced changes in anxietyrelated traits. Therefore, we can only indirectly conclude that the alteration of 5-HT 1A receptor binding reported in our study represents a mechanism underlying the anxiolytic effects of Silexan. In fact, the objective of this study was not to determine a clinical effect of Silexan, as this has already been shown in various indications Woelk and Schlafke, 2010) , but rather to investigate the biological mechanism underlying this effect. Moreover, as the study population was a group of physically and mentally healthy men (as determined by Structured Clinical Interview for DSM-IV Axis I Disorders), the performance of psychometric scales to record anxiety symptoms does not seem appropriate, as we must assume very low scores that cannot be included in a meaningful statistical analysis.
Moreover, we did not include female subjects in this PET study in order to minimize the case number, as 5-HT 1A receptor binding was shown to display gender differences (Parsey et al., 2002) . Further investigations in females are therefore required, especially as the latter are more susceptible to developing anxiety disorders than men (Wittchen et al., 2011) . The sample size can be considered as quite small; however, when reviewing the literature for imaging studies, our sample size of 17/19, for PET/ MRI respectively, seems appropriate and comparable with other investigations. Naturally, a power calculation was performed prior to the study on the basis of another PET study in anxiety disorder patients showing significant differences in 5-HT 1A bi nding when 12 patients and 18 healthy subjects were contrasted (Lanzenberger et al., 2007) . Regarding the nonsignifi cant differences in the VBM analysis, it is possible that the low sample size impeded detection of subtle changes in gray matter volume. Still, our data indicate that changes in gray matter are less pronounced than those in 5-HT 1A binding.
Conclusions
This is the first study investigating the effects of Silexan using cutting-edge neuroreceptor imaging techniques in vivo. To sum up, this PET investigation shows a reduced 5-HT 1A receptor binding in healthy subjects following the daily administration of 160 mg of Silexan for a minimum of 8 weeks compared with placebo. This is in agreement with SSRI-or ECT-induced reduction in 5-HT 1A binding and might be a general mechanism in therapeutic action of anxiolytic or antidepressant treatment. The lack of structural volumetric changes as demonstrated with MRI indicates that this reduction is mainly based on changes in receptor expression or affinity. Based on these findings, we postulate that changes of the serotonergic system, more specifically of the 5-HT 1A receptor, represent a mechanism underlying the anxiolytic effect of Silexan.
